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 Abstract 
  Background:  Previous studies demonstrated that acute kidney injury (AKI) following trans-
catheter aortic valve implantation (TAVI) is frequent and associated with adverse outcomes. 
However, these studies only applied the serum creatinine (sCr) criteria while ignoring the urine 
output criteria. We hypothesized that adding the urine output criteria might contribute to an 
earlier diagnosis of AKI.  Methods:  We included 143 patients with severe aortic stenosis who 
underwent transfemoral TAVI between December 2012 and April 2014. Urine output was as-
sessed hourly for at least 24 h following TAVI, and sCr was assessed at least daily until dis-
charge. Based on the Valve Academic Research Consortium-2 (VARC-2), AKI was determined 
using both sCr and urine output criteria. We compared the incidence of AKI and time to AKI 
diagnosis based on these two methods.  Results:  The mean age was 81 ± 6 years (range 61–94) 
and 56% were male. AKI occurred in 27 (19%) patients, 13 (9%) of whom had AKI defined by 
sCr criteria. Twenty (14%) patients had AKI defined by urine output criteria, only 6 of whom 
had AKI also defined by sCr criteria. The use of urine output criteria resulted in earlier identi-
fication of AKI (18 ± 4 vs. 64 ± 57 h, p = 0.02) and was associated with lower sCr elevation in 
patients having AKI defined by only urine output criteria (0.03 ± 0.12 vs. 0.37 ± 0.06 mg/dl,
p < 0.001).  Conclusion:  The use of the VARC-2 urine output criteria significantly increased
the incidence of AKI and shortened the time to AKI diagnosis.  © 2014 S. Karger AG, Basel 
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 Introduction 

 Acute kidney injury (AKI) in patients undergoing transcatheter aortic valve implantation 
(TAVI) is a frequent complication, observed in 12–14% of patients  [1–6] , and is associated 
with adverse outcomes  [5, 7–9] . Previous reports, however, used only changes in serum 
creatinine (sCr) in order to identify AKI while ignoring the urine output. The recently proposed 
Valve Academic Research Consortium-2 (VARC-2) updated the classification criteria for AKI 
following TAVI  [10] . The VARC-2 proposed a 3-stage modified classification based on the 
RIFLE (risk, injury, failure, loss and end-stage kidney disease)  [11]  and AKIN (acute kidney 
injury network) criteria utilizing both sCr and urine output criteria  [12] .

  We have previously reported that by using the sCr criteria according to VARC-2, 16% of 
patients developed AKI following TAVI, and that AKI was associated with increased mortality 
 [13] . A decrease in urine output might be considered as an earlier and more sensitive marker 
of AKI  [14] , and since not previously reported in the setting of TAVI, the true incidence of AKI 
might be underestimated. In the present study, we determined the time to AKI diagnosis 
among patients undergoing TAVI comparing both components of the VARC-2 criteria (with 
and without urine output).

  Methods 

 The data for the present study were collected from December 2012 to April 2014, in the Department of 
Interventional Cardiology at the Tel Aviv Medical Center, Tel Aviv, Israel. Informed consent was obtained 
from each patient as approved by the institutional ethics committee. The diagnosis of aortic stenosis was 
based on clinical, echocardiographic, and hemodynamic criteria  [15] . Suitability and eligibility for TAVI was 
determined by our heart team. During the study period, 158 consecutive patients undergoing TAVI were 
enrolled. We excluded 13 patients actively participating in our prospective renal protection device trial 
utilizing the RenalGuard ®  (PLC Medical Systems)  [16] . In addition, we excluded 2 patients with end-stage 
renal disease who were on continuous hemodialysis treatment.

  Two types of aortic valve prostheses were routinely implanted at that period in our institution: Edwards 
SAPIEN XT prosthesis (Edwards Lifesciences, Irvine, Calif., USA) and CoreValve aortic valve prosthesis 
(Medtronic, Minneapolis, Minn., USA). For all procedures, a senior interventional cardiologist was responsible 
for all aspects of the case, including the administration of contrast media. Patients requiring coronary angio-
plasty before TAVI were treated 3–4 weeks before the TAVI procedure to minimize the risk of developing 
contrast-induced AKI. The contrast medium used in all TAVI procedures was iodixanol (Visipaque, GE 
Healthcare, Ireland), which is an iso-osmolar contrast medium that was demonstrated to be associated with 
less nephrotoxicity compared with the high-osmolar contrast media commonly used  [17] . All patients re-
ceived overnight hydration before the procedure (normal saline solution at a rate of 100 ml/h, beginning
12 h before the scheduled procedure) and administration of oral N-acetylcysteine (1,200 mg b.i.d. for 2 days 
starting 24 h before the procedure). Chronic kidney disease was defined as having a baseline estimated 
glomerular filtration rate <60 ml/min/1.73 m 2 . A urinary catheter was inserted in all patients prior to the 
procedure and maintained for at least 24 h after the procedure. Urinary outflow was assessed hourly via a 
urinometer. The sCr level was measured at baseline (1 day before the procedure), prior to the procedure (after 
an overnight hydration), every 8 h in the first 24 h following TAVI and daily during the 24–72 h following the 
procedure. AKI was defined according to the VARC-2 AKI classification  [10]  ( table 1 ). Renal function recovery 
at discharge and at the 30-day postprocedure follow-up visit was assessed using the Acute Dialysis Quality 
Initiative (ADQI) consensus  [18]  that defines complete renal recovery as return to baseline classification 
within the RIFLE criteria and partial recovery as a change in RIFLE status in patient free of dialysis.

  All data were summarized and displayed as mean and standard deviation for continuous variables and as 
number and percentage of patients in each group for categorical variables. The p values for the χ 2  test were 
calculated with Fisher’s exact test. The p value for the t test is reported assuming a nonsignificant equality of 
variance following Levene’s test. We used the nonparametric Mann-Whitney test for analysis between continuous 
variables of the two AKI definitions. All analyses were considered significant at a 2-tailed p value of less than 
0.05. The SPSS statistical package was used to perform all statistical evaluations (SSPS, Chicago, Ill., USA).

D
ow

nl
oa

de
d 

by
: 

21
8.

76
.1

28
.8

4 
- 

4/
25

/2
01

7 
9:

53
:3

1 
A

M

http://dx.doi.org/10.1159%2F000365936


157Cardiorenal Med 2014;4:155–160

 DOI: 10.1159/000365936 

 Shacham et al.: Usefulness of Urine Output Criteria for Early Detection of Acute Kidney 
Injury after Transcatheter Aortic Valve Implantation 

www.karger.com/crm
© 2014 S. Karger AG, Basel

  Results 

 Patients 
 We enrolled 143 patients undergoing TAVI with a mean age of 81 ± 6, and 82 (56%) were 

male. A total of 27 (19%) patients developed AKI in accordance with the VARC-2 criteria. Of 
these patients, stage 1 AKI occurred in 25 (93%) patients, while stage 2 AKI occurred in only 
2. None of the patients among those developing AKI required renal replacement therapy 
throughout hospitalization. Among patients developing AKI, complete renal recovery was 
present in 24/27 (88%) upon hospital discharge and in 23/27 (85%) at the 30-day follow-up. 
The baseline clinical characteristics of patients with and without AKI are listed in  table 2 .

Stage Criteria

1 increase in sCr to 150 – 199% of baseline, or
increase of 0.3 mg/dl (26.4 mmol/l), or
urine output <0.5 ml/kg/h for >6 but <12 h

2 increase in sCr to 200 – 299% of baseline, or
urine output <0.5 ml/kg/h for >12 but <24 h

3 increase in sCr to 300% of baseline, or
increase of sCr of 4.0 mg/dl (354 mmol/l), or
an acute increase of at least 0.5 mg/dl (44 mmol/l), or
urine output <0.3 ml/kg/h for >24 h, or
anuria for >12 h

 Table 1.  AKI after TAVI 
according to the VARC-2 
classification [10]

 Table 2. Baseline characteristics

Variable AKI p value

no (n = 116) yes (n = 27)

Age, years 80 ± 6 81 ± 6 0.673
Male, n 61 (53%) 12 (44%) 0.538
Weight, kg 73 ± 14 76 ± 16 0.141
Diabetes mellitus, n 49 (43%) 9 (33%) 0.701
Dyslipidemia, n 69 (60%) 17 (63%) 0.829
Hypertension, n 84 (72%) 20 (74%) 0.861
Smoking history, n 23 (20%) 5 (19%) 0.877
Aortic valve area, cm2 0.71 ± 0.18 0.76 ± 0.17 0.209
Admission eGFRa, ml/min/1.73 m2

Admission sCr, mg/dl
Peak hospital sCr, mg/dl
sCr change in hospital, mg/dl
sCr at discharge, mg/dl
Contrast volume, ml
Intravenous fluids applied, ml

54 ± 20
1.12 ± 0.34
1.20 ± 0.33

0.014 ± 0.32
1.15 ± 0.34
152 ± 38

1,317 ± 650

52 ± 19
1.11 ± 0.27
1.44 ± 0.55
0.32 ± 0.38
1.25 ± 0.45
165 ± 50

1,239 ± 542

0.297
0.794
0.003

<0.001
0.341
0.276
0.52

 eGFR = Estimated glomerular filtration rate. 
a Calculated by the Cockcroft-Gault method.
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  Definition of AKI by sCr or Urine Output Criteria 
 Of the 27 patients developing AKI, 13 (9%) had AKI defined by the sCr criteria, 11 of 

whom had stage 1 AKI, while 2 patients had stage 2 AKI. Twenty (14%) patients had AKI 
defined by the urine output criteria (all of whom had stage 1 AKI). Only 6 of the patients 
having AKI defined by the urine output criteria had AKI also defined by the sCr criteria, while 
in the other 14 patients no significant changes in sCr were observed throughout hospital-
ization.  Table 3  presents the differences between patients with AKI diagnosed using the sCr 
and urine output criteria (excluding the 6 patients having AKI using both types of criteria). 
The use of urine output criteria significantly shortened the time to AKI diagnosis (18 ± 4 vs. 
64 ± 57 h, p = 0.02). Patients with AKI by applying the urine output criteria had significantly 
lower admission sCr, peak sCr, mean sCr change and discharge sCr compared to those with 
AKI by sCr criteria alone. We observed no significant differences regarding the amount of 
contrast volume used between the two groups. However, the use of urine output criteria 
resulted in a larger amount of fluids admitted to AKI patients, although this did not reach 
statistical significance (1,106 ± 539 vs. 850 ± 414 ml, p = 0.379).

  Discussion 

 In this prospective observational study, discarding the VARC-2 urine output criteria for 
AKI diagnosis resulted in a significant underestimation of the presence of AKI throughout 
hospitalization and significantly delayed the time to AKI diagnosis.

  In the present study, the applied VARC-2 method utilizing urine output also affected the 
time to diagnosis of AKI. In comparison with urine output criteria, the use of sCr as the sole 
criteria for defining AKI significantly increased the time to diagnosis, and resulted in a more 
pronounced sCr elevation and worse sCr level upon discharge. These findings are congruent 
with recent prospective studies, showing that oliguria diagnosed AKI earlier in comparison 
with the sCr criteria  [19] . Most previous studies assessing AKI omitted the urine criteria 
because they retrospectively applied the sCr criteria to existing databases that did not register 
any urine output criteria or only urine output data in a form that cannot be applied. In addition, 
measuring urine output is tedious and it is still unclear how the hourly criterion should be 
applied (continuously or for each 6-hour period of the day), with or without diuretics.

 Table 3. Comparison of AKI defined by sCr versus urine output criteria

Variable sCr
(n = 7)

Urine output
(n = 14)

p value

Time to AKI diagnosis, h 64 ± 57 18 ± 4 0.02
Admission eGFRa, ml/min/1.73 m2

Admission sCr, mg/dl
Peak hospital sCr, mg/dl
sCr change in hospital, mg/dl
sCr at discharge, mg/dl
Contrast volume, m
Intravenous fluids applied, ml

42 ± 16
1.47 ± 0.29
1.86 ± 0.44
0.37 ± 0.06
1.57 ± 0.4
155 ± 49
850 ± 414

58 ± 21
0.97 ± 0.19
1.02 ± 0.18
0.03 ± 0.12
0.95 ± 0.17
172 ± 34

1,106 ± 539

0.03
<0.001
<0.001
<0.001
<0.001

0.379
0.385

eGFR = Estimated glomerular filtration rate. 
a Calculated by the Cockcroft-Gault method.
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  The reported incidence of AKI defined by sCr criteria in our cohort is smaller compared 
to a previous report by our group  [13]  where only sCr criteria was applied (9 vs. 16.7%). We 
believe that this reflects the fact that the current cohort included patients better selected for 
the procedure as well as the experience gained by the operators in the sense of contrast media 
used and reduced procedural time.

  Our study bears some important clinical implications. In a study by Wlodzimirow et al. 
 [14] , the intensive care unit mortality rate in patients with AKI was significantly higher when 
AKI was diagnosed by RIFLE sCr criteria (38%) compared to that based on RIFLE urine output 
criteria (24%). Similarly, the systematic review by Ricci et al.  [20]  showed that the relative 
risk for death among studies that applied the RIFLE sCr and urine output criteria was lower 
than in those using only the RIFLE sCr criteria.

  We acknowledge several important limitations. This was a single-center, prospective 
study, including a limited number of patients. Moreover, the question arises whether at least 
some of the oliguric patients without an increase in sCr did actually have AKI, or whether they 
were oliguric for some other reason (for example, their hydration status). While no statistical 
significance was found, patients with AKI defined by urine output criteria received more 
intravenous fluids than patients with AKI defined by sCr, a measure that could possibly have 
prevented further deterioration of renal function. Our findings suggest that for mild AKI the 
patients’ urine output criteria do not match well with the patients’ respective sCr criteria, as 
noted by the lack of significant sCr elevation in the majority of them. These findings confirm 
prior observations that urine output criteria resulted in nearly twice the amount of patients 
diagnosed with AKI, compared to the use of sCr  [21, 22] . Patients having AKI defined by urine 
output criteria had a higher estimated glomerular filtration rate compared with those in the 
sCr group, which may have led to potential bias.

  In addition, although we recorded the fluid status, we did not evaluate whether our 
patients received diuretics. However, while the use of diuretics is common practice worldwide, 
their use is not explicitly addressed in the VARC-2 criteria. Finally, we did not correct sCr for 
hemodilution. A positive fluid balance may cause dilution of sCr and, therefore, a delay in the 
diagnosis based on sCr  [23] .

  We conclude that among patients undergoing TAVI, the addition of the urine output 
criteria may aid in providing earlier and more accurate information regarding the incidence 
of AKI. Applying the VARC-2 definition requires that the method employed for estimating AKI 
be reported. Thus, most of the already published studies on AKI following TAVI may have 
underestimated the true incidence of this complication.

  Disclosure Statement 

 The authors declare that they have no conflicts of interest.
 

 References 

  1 Elhmidi Y, Bleiziffer S, Piazza N, Hutter A, Opitz A, Hettich I, Kornek M, Ruge H, Brockmann G, Mazzitelli D, 
Lange R: Incidence and predictors of acute kidney injury in patients undergoing transcatheter aortic valve 
implantation. Am Heart J 2011;   161:   735–739. 

  2 Khawaja MZ, Thomas M, Joshi A, Asrress KN, Wilson K, Bolter K, Young CP, Hancock J, Bapat V, Redwood S: 
The effects of VARC-defined acute kidney injury after transcatheter aortic valve implantation (TAVI) using the 
Edwards bioprosthesis. EuroIntervention 2012;   8:   563–570. 

  3 Nuis RJ, Van Mieghem NM, Tzikas A, Piazza N, Otten AM, Cheng J, van Domburg RT, Betjes M, Serruys PW, de 
Jaegere PP: Frequency, determinants, and prognostic effects of acute kidney injury and red blood cell trans-
fusion in patients undergoing transcatheter aortic valve implantation. Catheter Cardiovasc Interv 2011;   77:  
 881–889. 

D
ow

nl
oa

de
d 

by
: 

21
8.

76
.1

28
.8

4 
- 

4/
25

/2
01

7 
9:

53
:3

1 
A

M

http://dx.doi.org/10.1159%2F000365936


160Cardiorenal Med 2014;4:155–160

 DOI: 10.1159/000365936 

 Shacham et al.: Usefulness of Urine Output Criteria for Early Detection of Acute Kidney 
Injury after Transcatheter Aortic Valve Implantation 

www.karger.com/crm
© 2014 S. Karger AG, Basel

  4 Leon MB, Piazza N, Nikolsky E, Blackstone EH, Cutlip DE, Kappetein AP, Krucoff MW, Mack M, Mehran R, Miller 
C, Morel MA, Petersen J, Popma JJ, Takkenberg JJ, Vahanian A, van Es GA, Vranckx P, Webb JG, Windecker S, 
Serruys PW: Standardized endpoint definitions for transcatheter aortic valve implantation clinical trials:
a consensus report from the valve academic research consortium. Eur Heart J 2011;   32:   205–217. 

  5 Genereux P, Kodali SK, Green P, Paradis JM, Daneault B, Rene G, Hueter I, Georges I, Kirtane A, Hahn RT, Smith 
C, Leon MB, Williams MR: Incidence and effect of acute kidney injury after transcatheter aortic valve 
replacement using the new valve academic research consortium criteria. Am J Cardiol 2013;   111:   100–105. 

  6 Kong WY, Yong G, Irish A: Incidence, risk factors and prognosis of acute kidney injury after transcatheter aortic 
valve implantation. Nephrology (Carlton) 2012;   17:   445–451. 

  7 Nuis RJ, Rodes-Cabau J, Sinning JM, van Garsse L, Kefer J, Bosmans J, Dager AE, van Mieghem N, Urena M, 
Nickenig G, Werner N, Maessen J, Astarci P, Perez S, Benitez LM, Dumont E, van Domburg RT, de Jaegere PP: 
Blood transfusion and the risk of acute kidney injury after transcatheter aortic valve implantation. Circ 
Cardiovasc Interv 2012;   5:   680–688. 

  8 Sinning JM, Ghanem A, Steinhauser H, Adenauer V, Hammerstingl C, Nickenig G, Werner N: Renal function as 
predictor of mortality in patients after percutaneous transcatheter aortic valve implantation. JACC Cardiovasc 
Interv 2010;   3:   1141–1149. 

  9 Barbash IM, Ben-Dor I, Dvir D, Maluenda G, Xue Z, Torguson R, Satler LF, Pichard AD, Waksman R: Incidence 
and predictors of acute kidney injury after transcatheter aortic valve replacement. Am Heart J 2012;   163:  
 1031–1036. 

 10 Kappetein AP, Head SJ, Genereux P, Piazza N, van Mieghem NM, Blackstone EH, Brott TG, Cohen DJ, Cutlip DE, 
van Es GA, Hahn RT, Kirtane AJ, Krucoff MW, Kodali S, Mack MJ, Mehran R, Rodes-Cabau J, Vranckx P, Webb JG, 
Windecker S, Serruys PW, Leon MB: Updated standardized endpoint definitions for transcatheter aortic valve 
implantation: the valve academic research consortium-2 consensus document. J Am Coll Cardiol 2012;   60:  
 1438–1454. 

 11 Bellomo R, Ronco C, Kellum JA, Mehta RL, Palevsky P: Acute renal failure – definition, outcome measures, 
animal models, fluid therapy and information technology needs: the Second International Consensus 
Conference of the Acute Dialysis Quality Initiative (ADQI) Group. Crit Care 2004;   8:R204–R212. 

 12 Mehta RL, Kellum JA, Shah SV, Molitoris BA, Ronco C, Warnock DG, Levin A: Acute kidney injury network: 
report of an initiative to improve outcomes in acute kidney injury. Crit Care 2007;   11:R31. 

 13 Konigstein M, Ben-Assa E, Abramowitz Y, Steinvil A, Leshem Rubinow E, Havakuk O, Arbel Y, Halkin A, Keren 
G, Banai S, Finkelstein A: Usefulness of updated valve academic research consortium-2 criteria for acute 
kidney injury following transcatheter aortic valve implantation. Am J Cardiol 2013;   112:   1807–1811. 

 14 Wlodzimirow KA, Abu-Hanna A, Slabbekoorn M, Chamuleau RA, Schultz MJ, Bouman CS: A comparison of 
RIFLE with and without urine output criteria for acute kidney injury in critically ill patients. Crit Care 2012;  
 16:R200. 

 15 Bonow RO, Carabello BA, Kanu C, de Leon AC Jr, Faxon DP, Freed MD, Gaasch WH, Lytle BW, Nishimura RA, 
O’Gara PT, O’Rourke RA, Otto CM, Shah PM, Shanewise JS, Smith SC Jr, Jacobs AK, Adams CD, Anderson JL, 
Antman EM, Fuster V, Halperin JL, Hiratzka LF, Hunt SA, Nishimura R, Page RL, Riegel B: ACC/AHA 2006 guide-
lines for the management of patients with valvular heart disease: a report of the American College of Cardi-
ology/American Heart Association Task Force on Practice Guidelines (writing committee to revise the 1998 
Guidelines for the Management of Patients with Valvular Heart Disease): developed in collaboration with the 
Society of Cardiovascular Anesthesiologists: endorsed by the Society for Cardiovascular Angiography and 
Interventions and the Society of Thoracic Surgeons. Circulation 2006;   114:e84–e231. 

 16 Briguori C: Renalguard system: a dedicated device to prevent contrast-induced acute kidney injury. Int J 
Cardiol 2013;   168:   643–644. 

 17 Seeliger E, Sendeski M, Rihal CS, Persson PB: Contrast-induced kidney injury: mechanisms, risk factors, and 
prevention. Eur Heart J 2012;   33:   2007–2015. 

 18 Bellomo R: Defining, quantifying, and classifying acute renal failure. Crit Care Clin 2005;   21:   223–237. 
 19 Macedo E, Malhotra R, Bouchard J, Wynn SK, Mehta RL: Oliguria is an early predictor of higher mortality in 

critically ill patients. Kidney Int 2011;   80:   760–767. 
 20 Ricci Z, Cruz D, Ronco C: The RIFLE criteria and mortality in acute kidney injury: a systematic review. Kidney 

Int 2008;   73:   538–546. 
 21 Prowle JR, Liu YL, Licari E, Bagshaw SM, Egi M, Haase M, Haase-Fielitz A, Kellum JA, Cruz D, Ronco C, Tsutsui 

K, Uchino S, Bellomo R: Oliguria as predictive biomarker of acute kidney injury in critically ill patients. Crit 
Care 2011;   15:R172. 

 22 Macedo E, Malhotra R, Claure-Del Granado R, Fedullo P, Mehta RL: Defining urine output criterion for acute 
kidney injury in critically ill patients. Nephrol Dial Transplant 2011;   26:   509–515. 

 23 Macedo E, Bouchard J, Soroko SH, Chertow GM, Himmelfarb J, Ikizler TA, Paganini EP, Mehta RL: Fluid accu-
mulation, recognition and staging of acute kidney injury in critically-ill patients. Crit Care 2010;   14:R82. 

  

D
ow

nl
oa

de
d 

by
: 

21
8.

76
.1

28
.8

4 
- 

4/
25

/2
01

7 
9:

53
:3

1 
A

M

http://dx.doi.org/10.1159%2F000365936

	CitRef_1: 
	CitRef_2: 
	CitRef_3: 
	CitRef_4: 
	CitRef_5: 
	CitRef_6: 
	CitRef_7: 
	CitRef_8: 
	CitRef_9: 
	CitRef_10: 
	CitRef_11: 
	CitRef_12: 
	CitRef_13: 
	CitRef_14: 
	CitRef_15: 
	CitRef_16: 
	CitRef_17: 
	CitRef_18: 
	CitRef_19: 
	CitRef_20: 
	CitRef_21: 
	CitRef_22: 
	CitRef_23: 


